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Are compound radicals independently processed in Chinese character recognition? 
Ip Ching Man, Ida 
Abstract 
A masked priming lexical decision task was conducted to investigate the presence of compound 
radical representations as an independent processing unit in Chinese character recognition. 
Prime type (simple radical prime and compound radical prime) and prime duration (48 ms, 64 
ms, and 80 ms) were manipulated. Thirty-five native Cantonese-speaking undergraduates and 
fresh graduates participated in the study. Participants were asked to determine whether the 
character presented was a real or pseudo-character using a response box. Results shown that 
increasing the prime duration of related simple radical primes did not lead to any difference of 
response time; thus the expected interaction between prime type and prime duration was not 
found. These findings suggested that compound radicals were not represented during Chinese 
character recognition, consistent with the conclusions of Taft and Zhu (1997) and Tam (2011). 
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Are compound radicals independently processed in Chinese character recognition? 
Phonetic compound characters make up about 90% of Chinese characters (Law & 
Caramazza, 1995). These characters can be segmented into components called radicals. According 
to Taft and Zhu (1997), a simple radical is defined in terms of the contiguity of its stroke and its 
recurrence in different characters. For example, the character “咱” contains a simple radical on 
each side, “口” and “自”.When two or more simple radicals combine, compound radicals are 
formed. For example, the character “琉” contains a compound radical “ ” on the right, which is 
made up of two simple radicals “ ” and “ ”. Both simple and compound radicals may exist as 
characters alone with their own meaning and pronunciation, called freestanding radicals. 
Accordingly, non-freestanding radicals refer to radicals that must be bounded to other radicals to 
form legitimate characters. For example, “自” (pronounced as dzi6 and means self), “心” 
(pronounced as sɐm1 and means heart) and “息” (pronounced as sik7 and means rest) of the 
character “熄” are freestanding radicals while “ ”, “ ” and “ ”of the character “琉” are 
non-freestanding radicals. 
Much of the literature investigating the presence of sub-lexical processing has been carried 
out using an alphabetic writing system such as English. Questions could be raised about whether 
the results obtained in these studies are generalizable to drastically different orthographic systems 
such as Chinese. In response to this interesting comparison, there is growing evidence suggesting 
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that the internal structure of Chinese characters could be decomposed for sub-lexical processing as 
in alphabetic scripts (e.g. Ding, Peng, & Taft, 2004; Li & Chen, 1999; Perfetti, Liu, & Tan, 2005; 
Taft & Zhu, 1997; Taft, Zhu, & Peng, 1999). 
The interactive-activation model, a well-known framework proposed by McClelland and 
Rumelhart (1981) as well as Rumelhart and McClelland (1982) with reference to English, was 
adopted by Ding et al. (2004) and Taft et al. (1999) to delineate the processes involved in 
recognizing Chinese characters. According to the model, a character is made up of three levels of 
representation organized hierarchically with increasing complexity. Recognition of a character 
involves activation from the stroke level to the radical level and finally to the character level. 
The increasing evidence suggesting that radicals are involved in the processing of Chinese 
characters continues to supplement details to the model. Using a character decision task, Taft and 
Zhu (1997) manipulated the component radical’s type frequency of the characters and controlled 
both the character frequency and complexity. Radical type frequency refers to the number of 
characters containing that radical. Results showed that response time was significantly faster for 
high frequency radicals than low frequency radicals, though this effect occurred mainly for the 
right-hand radicals. They suggested that radicals were decomposed from characters as an 
independent sub-lexical processing unit. It was further shown that the positional frequency of the 
right-hand radicals is responsible for the frequency effect observed. This claim of radical 
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representation being position-specific was also replicated in a later study of Taft et al. (1999). 
Apart from the research of Taft and his colleagues, Ding et al. (2004), using a primed lexical 
decision task, also found significant radical priming facilitatory effect for low frequency characters 
when the prime and target had a common radical in the same position. Although these findings 
provided supportive evidence that radicals are represented as an independent unit in Chinese 
character recognition, the exact nature of radical representation remains highly debatable. 
Literature examining compound radical representations and their processing in Chinese 
characters recognition is limited. In a lexical decision task of Taft and Zhu (1997), it was found 
that the mean response time was significantly faster for high frequency simple radicals than low 
frequency simple radicals with compound radical frequency controlled. On the contrary, no such 
difference was found between high and low frequency compound radicals when simple radical 
frequency was controlled. Therefore, they concluded that compound radicals are not independently 
represented in Chinese character recognition as their frequency status did not impact on the mean 
response time for lexical decision. However, the internal validity of their study was greatly 
challenged because of the inability to eliminate plausible alternative explanations for their 
conclusion. Understanding some basic features of the Interactive Constituency Model put forth by 
Perfetti et al. (2005) might be helpful to get a clearer picture of this claim. One important feature 
of this model is that it accounts for the time course of activation in Chinese character recognition, 
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which follows the sequence of graphic, phonological and then semantic information, as observed 
in the studies of Grainger and Holcomb (2010), Perfetti and Tan (1998) and Perfetti et al. (2005). 
Moreover, this model illustrates the bidirectional inter-connection among the three separate 
lexicons: the orthographic, phonological and semantic lexicons. In the study of Taft and Zhu 
(1997), some of the character stimuli contained freestanding simple and compound radicals while 
others contained non-freestanding simple and compound radicals. While the phonological and 
semantic lexicons could be activated at the character level (Taft et al., 1999) or radical level 
(Pollatsek, Li, & Rayner, 2000), there is a much higher possibility of semantic and phonological 
information being activated at either the character or radical level in the freestanding radical 
condition, compared with the non-freestanding radical condition. As there is currently no evidence 
to support the processing of freestanding radicals to be identical to that of non-freestanding 
radicals, the failure for Taft and Zhu (1997) to control the difference in phonological and semantic 
activation between the freestanding and non-freestanding conditions, which is a potential factor 
affecting the response time (Forster, 1998), leads one to question the reliability of their conclusion. 
Recently, Tam (2011) investigated the presence of compound radical representations as a 
unit of analysis in Chinese character recognition using a masked priming lexical decision task. In 
each of the freestanding and non-freestanding condition, simple and compound radicals were used 
as primes and target characters contained either simple or compound radicals. The prime duration 
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was either 32 ms or 48 ms. Given such a design, if compound radicals are represented, it would be 
expected that a longer prime duration of a simple radical prime would be required to facilitate the 
recognition of a target character containing a compound radical. This difference in priming effect 
can be explained with reference to the interactive-activation model. While both short and long 
prime durations allow a simple radical to activate its corresponding simple radical representation, 
only the longer prime duration may provide sufficient time for the compound radical 
representation containing it to be activated. Also, feedback activation from the activated 
compound radical representation to all its component radicals may only take place when a longer 
prime duration is used. It is this longer prime duration that allows both simple radicals in the target 
character to be activated to a certain extent. On the other hand, a difference of priming effect 
between the short and long prime duration is not expected if compound radical representations do 
not exist. In short, an interaction between prime type and prime duration would be required to 
support the existence of compound radical representations. Results of Tam (2011) failed to find 
statistically significant interaction for priming effects between prime type and prime duration for 
both conditions. The author therefore rejected the existence of compound radical representations in 
Chinese character recognition. However, a detailed look at the design and the results has strongly 
motivated the present study to revisit the research question with improved experimental design. 
Firstly, the two prime durations (32 ms and 48 ms) used in Tam (2011) might not be long 
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enough to allow the occurrence of feedback activation and the time difference between them might 
not be sufficiently different from each other to allow detection of priming effect across them in 
statistical analysis. In the present study, longer prime durations across a greater range of values 
were used (48 ms, 64 ms, and 80 ms). Secondly, despite that Tam’s study failed to find evidence 
proving the existence of compound radical representations in Chinese character recognition for 
both freestanding and non-freestanding radical conditions, suggestive though statistically 
non-significant result was found for the non-freestanding radical condition which cannot be 
explained by the findings of Taft and Zhu (1997). Meanwhile, the non-freestanding radical primes 
would lead to no-to-minimal activation of the phonological and semantic lexicons at the 
sub-lexical level. Taken together, it is believed that the non-freestanding radical condition would 
present a clearer case for testing the hypothesis of compound radical as a unit of analysis in 
Chinese character processing. Therefore, the present study would only focus on the 
non-freestanding condition, with a total of 18 target characters used as stimuli, compared with 
only 14 stimuli in Tam’s study. The third limitation in Tam’s study is that the suggestive 
interaction which provided evidence for the existence of compound radical representations might 
be masked by the large variance originated from the group difference. Therefore, a within-subject 
design, instead of a mixed design with prime duration as the between-subject variable, was used in 
the present study to increase the statistical power of the findings. 
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In sum, the present study aimed to investigate the presence of compound radical 
representations as an independent processing unit in Chinese character recognition using a masked 
priming lexical decision task. Since all models of Chinese character recognition assume the 
presence of radical level representation, findings would not only have implications for the 
interactive-activation model but also other relevant theoretical frameworks, thus contributing to 
research of Chinese character recognition. It would also stimulate and facilitate further research in 
Chinese, especially those involving compound radical representations, bringing research about 
reading Chinese script to a more sophisticated level as that in the English script. 
Method 
Participants 
Thirty-five native local Cantonese-speaking undergraduates and fresh graduates participated in 
the present study. Informed consent was obtained. Participants were 19 females and 16 males aged 
between 19 and 25 years old (female: M = 20.89, SD = 1.05; male: M = 21.88, SD = 1.71). All 
participants had studied in local secondary schools and had normal or corrected-to-normal vision 
and hearing. No other significant health concerns were reported. 
Materials 
Target. With reference to the Hong Kong Corpus of Chinese Newspaper (Leung & Lau, 
2011), all 18 target characters were horizontally structured low-frequency phonetic compound 
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characters. Characters with left-right structure were chosen as about 72% of the most frequent 
phonetic compounds are of this orthographic structure and hence it has been the focus for studies 
investigating Chinese character recognition (Hsiao & Shillcock, 2006). High frequency characters 
were not used as they would be recognized so quickly that no room was allowed for facilitation 
(Ding et al., 2004). 
All targets were given in the Appendix. Each of the target character (e.g. 烽) contained a 
non-freestanding compound radical which was made up of at least one non-freestanding simple 
radical. The mean character frequency was 6.07 (SD = 8.51). The mean number of strokes was 
13.22 (SD = 1.93). 
Prime. All primes were given in the Appendix. All primes were either non-freestanding 
simple radicals or non-freestanding compound radicals. Two conditions were created for each type 
of radical, namely the related and unrelated ones. Related simple radical primes (RSRP) (e.g. ) 
and related compound radical primes (RCRP) (e.g. ) were selected from the right radicals of 
target characters containing non-freestanding compound right radicals. Unrelated simple radical 
primes (USRP) (e.g. ) and unrelated compound radical primes (UCRP) (e.g. ) were radicals 
that had not appeared in any parts of the target characters. In each of the related and unrelated 
conditions, the simple and compound radicals had a simple radical in common. 
According to Peng, Li and Yang (1997), radical positional frequency refers to the number of 
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times that a particular radical appears in a certain position. Mean radical positional frequencies 
were matched across the four prime types (RSRP: M = 1020, SD = 1055; RCRP: M = 356, SD = 
571; USRP: M = 1085, SD = 1388; UCRP: M = 392, SD = 989). Analysis of variance revealed no 
significant difference for mean radical positional frequencies among the four types of radical, F(3, 
68) = 2.42, p = .073. Four prime-target trials were formed for each target character by pairing it 
with the four non-freestanding radical primes. Table 1 shows four prime-target trials for one of the 
target characters. Mean number of strokes of radicals were matched between RSRP and USRP 
(RSRP: M = 4.17, SD = 1.69; USRP: M = 4.28, SD = 1.41) as well as RCRP and UCRP (RCRP: M 
= 8.44, SD = 2.04; UCRP: M = 8.61, SD = 1.75). Independent t-tests indicated no significant 
difference for mean number of strokes between RSRP and USRP, t(34) = - .21, p = .236, as well as 
RCRP and UCRP, t(34) = - .26, p = .382. 
Fillers. Eighteen pseudo-characters were constructed by rearranging radicals of the real 
target characters. Each of the pseudo-character filler was paired with four radical primes as that for 
the real target characters. 
All stimuli were generated by Adobe Illustrator with image size 134 mm (width) x 200 mm 
(height) and color in yellow on a black background. To minimize the visual overlap effect, 
different font types were used for primes and targets (Shen & Forster, 1999). All targets were in 
“biaukai” font while all primes were in “sung” font, both with a font size of “115 pt”. 
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Table 1. Examples of the four types of prime and target characters 
Prime Target 
Related simple radical prime (RSRP) 
 
Character containing 
non-freestanding 
compound right radical 
 
 
Related compound radical prime (RCRP) 
 
Unrelated simple radical prime (USRP) 
 
Unrelated compound radical prime (UCRP) 
 
 
Procedures 
A masked priming lexical decision task was used to study the priming effects of different 
prime types in Chinese character recognition. According to Forster (1998), a forward mask would 
decrease the chance that the prime would be detected by the participant; a backward mask would 
prevent subsequent processing of the prime after it disappeared. 
Each trial began with a fixation cross “+” presented on the screen for 500 ms, followed by a 
blank screen of a random duration between 500 and 700 ms (M = 599.97 ms), a forward mask of a 
random array of yellow pixels displayed in a black background for 100 ms, a radical prime 
presented at the center of the screen with a specific duration (48 ms, 64 ms or 80 ms), a backward 
mask of a random array of yellow pixels displayed in a black background for 16 ms, and then a 
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target character which disappeared after the participant had made a response. A new trial would 
begin after a blank screen with a random duration between 800 and 1000 ms (M = 901.41 ms) was 
shown. 
The experiment consisted of three blocks in which each block corresponded to a specific 
prime duration. Six possible sequences were arranged and each participant was randomly assigned 
to one of the sequences to balance the practice effect and possible fatigue. In each block, all trials 
were randomized to balance the practice effect across participants. Pseudo-randomization was then 
performed so that the same target characters would not appear consecutively. For each participant, 
10 practice trials were given, followed by a total of 432 experimental trials evenly distributed into 
six sessions (2 sessions within each block) with five two-minute breaks interspersed. 
Apparatus 
E-Prime 2.0 was used to run the experiment. Each participant was positioned in front of a 
Dell E1910Hc computer equipped with Intel(R) 4 Serials internal chip display card and Philips 
LCD monitor (with a refresh rate of 60 Hz, resolution of 1366 by 768 pixels, color quality of 32 
bit) in a dimly lit sound-proofed room. Using the Serial Response Box (SRBox), they were 
instructed to press the “yes” key if they recognized the target presented as a real Chinese character 
and the ‘no’ key if they considered the target a pseudo-character, as accurately and quickly as 
possible. Half of the participants pressed the “yes” key using right hand and the “no” key using 
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left hand and vice versa for the other half of the participants. No feedback concerning both the 
response time and accuracy was given throughout the experiment. Both the response time and 
responses of the participants were recorded online by the computer. 
Statistical analysis 
Trials with pseudo-character targets, which made up 50% (7560/15120) of the total number 
of trials, were excluded in the data analysis. The data from real target character trials were 
processed based on the following procedures. Two real target characters with overall accuracy 
below 60% accuracy were removed. Four participants with overall accuracy below 75% were 
removed. In the remaining 5952 trials, 67 trials (1.13%) with response time longer than 2000 ms 
were removed. Under each of the three prime durations for every participant, additional data were 
removed using the criteria of any trials exceeding three standard deviations from the mean in the 
related and unrelated condition respectively. As a result, 102 trials (1.73%) were removed. 
Trials with correct responses were used to calculate mean response time. Three-way 
repeated measures Analysis of Variances (ANOVAs) for by-participant analysis and three-way 
independent measures ANOVAs for by-item analysis were carried out for mean response time and 
accuracy, with relatedness (related and unrelated), prime type (simple radical prime and compound 
radical prime) and prime duration (48 ms, 64 ms, and 80 ms) as the independent variables. 
Levene’s test and Mauchly’s test showed that the test of equality of variance and the sphericity 
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were met (p > .05) for all effects. Multiple post-hoc comparisons were carried out with alpha level 
adjusted for the by-participant analysis and with Bonferroni correction for the by-item analysis. 
Results 
The mean response time for different radical priming conditions is shown in Table 2. 
 
Table 2. Mean response time (ms) for different prime-target conditions in different prime durations 
 Prime duration: 48 ms Prime duration: 64 ms Prime duration: 80 ms 
Prime type RT (SE) Priming effect RT (SE) Priming effect RT (SE) Priming effect 
RSRP 618.43 (33.67) 31.42 623.22 (33.47) 17.62 608.81 (34.16) 33.66 
USRP 649.85 (38.82) 640.84 (37.58) 642.47 (35.15) 
RCRP 604.32 (39.32) 12.64 575.16 (30.45) 63.95 584.39 (31.06) 47.40 
UCRP 616.96 (35.62) 639.11 (31.93) 631.79 (35.13) 
Note. RSRP = related simple radical prime; USRP = unrelated simple radical prime; 
RCRP = related compound radical prime; UCRP = unrelated compound radical prime 
 
 
Three-way Analysis of Variances (ANOVAs) were performed separately on the response time by 
participants (F1) and by items (F2). There was a significant main effect of relatedness [F1(1, 29) = 72.82, 
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p < .001, ηp
2
 = 1.00; F2(1, 94) = 22.29, p < .001, ηp
2
 = 1.00], with responses to trials with related primes 
being faster than those with unrelated primes. There was also a main effect of prime type [F1 (1, 29) = 
34.56, p < .001, ηp
2
 = 1.00; F2 (1, 94) = 9.06, p < .01, ηp
2
 = .85], showing that trials with compound 
radical primes were faster to respond to than simple radical primes. In addition, a significant three-way 
interaction between relatedness, prime type and prime duration was found in the by-participants analysis 
[F1(1, 29) = 4.04, p < .05, ηp
2
 = .70; F2 (1, 94) = 1.66, p = .192, ηp
2
 = .35]. 
To understand the nature of the three-way interaction, two-way ANOVAs were conducted by 
relatedness. In the related trials, a significant main effect of prime type was found [F1(1, 29) = 34.98, p 
< .001, ηp
2
 = 1.00 ; F2 (1, 94) = 8.13 , p < .01, ηp
2
 = .81], with responses to trials with related compound 
radical primes being faster than those with related simple radical primes. It also revealed that the 
interaction between prime type and prime duration was significant by participant [F1 (1, 29) = 3.27, p 
< .05, ηp
2
 = .60; F2 (1, 94) =1.01, p = .368, ηp
2
= .22]. The sources of interaction were revealed by multiple 
post hoc comparisons. Dependent-sample T-tests were conducted to compare the mean response time in 
the related simple radical prime and related compound radical prime conditions at each of the three prime 
durations (48 ms, 64 ms, and 80 ms), with the significance level corrected to .005 (.05/9). As depicted in 
Figure 1, trials with related compound radical primes were faster to recognize than those with related 
simple radical primes only at prime duration 64 ms; t(30) = -6.40, p < .001, but not for prime duration 48 
ms; t(30) = -1.09, p = .285, and 80 ms; t(30) = -2.78, p = .009. Besides, post-hoc pair-wise comparisons 
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were conducted to compare the mean response time among the three prime durations (i.e. 48 ms and 64 
ms, 48 ms and 80 ms, 64 ms and 80 ms) in the related simple radical prime and related compound radical 
prime conditions respectively. All six comparisons were found to be insignificant (p > .005). 
 
 
Figure 1. Mean response time (with standard error bars) under different prime types and prime durations 
for related trials. A significant difference between trials with simple and compound radical priming was 
found only at prime duration 64 ms. 
  
 
Figure 2. Mean response time (with standard error bars) under different prime types and prime durations 
for unrelated trials. 
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For the unrelated trials, only a significant main effect of prime type was found in the by-participants 
analysis [F1 (1, 29) = 4.77, p < .05, ηp
2
 = .56; F2 (1, 94) = 2.06, p = .155, ηp
2
= .30], showing that trials 
with unrelated compound radical primes were faster to respond to than unrelated simple radical primes. 
Figure 2 shows the mean response time of the unrelated compound radical priming and unrelated simple 
radical priming conditions at each of the three prime durations. 
Having presented the results of response time, the results of accuracy would then be discussed. The 
mean accuracy for different radical priming conditions is shown in Table 3.Three-way ANOVAs were 
performed on the accuracy data by participants (F1) and by items (F2). There were no significant main 
effects. A significant interaction was found between prime type and prime duration by participant [F1(1, 
29) = 3.16, p < .05, ηp
2
 = .58; F2(1, 94) = .61, p = .542, ηp
2
 = .15]. 
One-way ANOVAs, with prime type as the independent variable, were conducted at each of the 
three prime durations (48 ms, 64 ms, and 80 ms) to reveal the nature of the two-way interaction. As 
illustrated in Figure 3, results revealed a significant main effect of prime type only at prime duration 64 
ms by participants [F1(1, 29) = 5.76, p < .05, ηp
2
 = .64 ; F2 (1, 94) = .74 , p = .40], with responses to trials 
with compound radical primes being more accurate than those with simple radical primes. Such a 
difference of mean accuracy between prime types was not observed at the other two prime durations of 48 
ms [F1(1, 29) = 1.29, p = .26, ηp
2
 = .20 ; F2 (1, 94) = .12 , p = .73] and 80 ms [F1(1, 29) = .28, p = .60, 
ηp
2
 = .08 ; F2 (1, 94) = .01 , p = .91]. 
Are compound radicals     19 
 
Table 3. Mean accuracy (%) for different prime-target conditions in different prime durations 
 Accuracy (SE) 
Prime type Prime duration: 48 ms Prime duration: 64 ms Prime duration: 80 ms 
RSRP 91.06 (16.34) 89.33 (15.98) 91.08 (16.34) 
USRP 89.14 (15.98) 90.48 (16.16) 89.05 (15.98) 
RCRP 87.78 (15.81) 92.37 (16.52) 89.69 (16.16) 
UCRP 89.79 (16.16) 92.56 (16.70) 89.35 (15.98) 
Note. RSRP = related simple radical prime; USRP = unrelated simple radical prime; 
RCRP = related compound radical prime; UCRP = unrelated compound radical prime 
 
 
 
Figure 3. Mean accuracy (with standard error bars) under different prime types and prime durations with 
relatedness combined. A significant difference between trials with simple and compound radical priming 
was found only at prime duration 64 ms. 
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In summary, trials with related primes were responded faster than those with unrelated primes. In 
the related condition, trials with compound radical primes were responded faster than those with simple 
radical primes only at prime duration 64 ms. When related and unrelated trials were combined, trials with 
compound radical primes had higher accuracy than those with simple radical primes only at prime 
duration 64 ms. In the unrelated condition, it was also found that compound radical primes lead to faster 
responses than simple radical primes. 
Discussion 
Given that increasing the prime duration of a simple radical prime did not lead to a progressive 
increase of facilitation in recognizing a target character containing it, the expected pattern of interaction 
between prime type and prime duration was not found. The results therefore suggested that there are no 
hierarchical representations for compound radicals in Chinese character processing. 
Ding et al. (2004) and Taft et al. (1999) proposed the interactive-activation model to conceptualize 
the processing of Chinese character. This theoretical framework mainly consists of three levels, namely 
the stroke level, radical level and character level. Activation spreads through the hierarchy from the 
lowest stroke level, via the radical level, to the highest character level. If compound radicals were 
represented hierarchically during Chinese character processing, it would be expected that longer prime 
duration would lead to greater facilitation in recognizing a character when its component simple radical 
was presented as prime. Contrary to our prediction, increasing the prime duration of related simple radical 
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primes, from 48 ms to 64 ms and 80 ms, did not lead to any difference of response time in recognizing the 
target characters. Therefore, it would appear that compound radical representations do not exist as an 
independent processing unit during recognition of Chinese characters. 
There was an effect of relatedness priming for reaction time, showing that target characters with 
related primes were recognized faster than those with unrelated primes. This priming effect suggested that 
the pre-exposure of a related simple radical or related compound radical facilitates the recognition of the 
target character that contains it as a radical, as a result of the pre-activation of the component radical units 
which lowered the activation threshold of the target character representations that is required for its 
recognition. However, given that the related primes shared greater graphical similarities with the target 
characters than the unrelated primes, one may argue that the effect of relatedness arose purely from 
graphical similarity. Yet, such a conclusion would be incompatible with other research, which suggested 
that radicals are processed as an integral stage of Chinese character recognition. For example, Ding et al. 
(2004) found that similarity primes did not produce any facilitation but inhibition effects. On the other 
hand, if there was any inhibitory effect on response time due to graphical similarity between related 
primes and target characters, it would have been offset by the pre-activation of the same radical unit, as 
clear priming effect was found. Another possible account for the effect of relatedness could be due to 
visual overlap between related primes and target characters. However, the use of a backward mask would 
prevent participants from processing the prime due to its visual persistence after it disappeared (Forster, 
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1998; Forster & Davis, 1984). In addition, the degree of visual overlap between the related primes and 
target characters was further reduced by using different font types for the primes and target characters 
(Shen & Forster, 1999). These attempts to reduce physical similarity between primes and target characters 
would be essentially of the same logic as varying the cases (i.e. lower and upper case) in English script 
(Ziegler, Ferrand, Jacobs, Rey, & Grainger, 2000). Accordingly, it is argued that the pre-activation of a 
radical unit at the level of orthographic representation contributed to the facilitatory effect observed, 
which could not be accounted for by the sole effects of graphical similarity or visual overlap. 
A prime type effect was also observed in which related compound radical primes facilitated the 
recognition of target characters more than related simple radical primes. With reference to the 
interactive-activation model, both of its component simple radicals would be activated when a compound 
radical is presented. On the other hand, only one simple radical would be activated when a simple radical 
prime is presented. Following this logic, compound radical primes would lower the activation threshold of 
the target character representations to a greater extent than simple radical primes, thus facilitating the 
recognition of target characters, resulting in faster response during lexical decision. 
Additionally, an interaction was found between prime type and prime duration for response time in 
the related condition. In contrast with our prediction, the two-way interaction obtained was not the 
expected pattern that would support the presence of compound radical representations in Chinese 
character processing. Interestingly, it was only at prime duration 64 ms that trials with compound radical 
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primes were significantly faster to respond to than those with simple radical primes. Another interesting 
finding is the result for accuracy with related and unrelated trials combined. While an interaction was 
found between prime type and prime duration, it was again only at prime duration 64 ms that a significant 
difference was found, with trials with compound radical primes being responded with higher accuracy 
than those with simple radical primes. To explain the two interesting findings, it was proposed that 64 ms 
might be the optimal prime duration in which a radical prime would just be fully accessed. The two 
simple radical units activated, when a compound radical prime is represented, would lead to significantly 
greater facilitation in recognizing the target character than when only one simple radical unit is activated, 
in case of a simple radical prime is presented. The non-significant difference of response time and 
accuracy between trials with simple and compound radical primes in prime duration 48 ms and 80 ms 
could be explained as follow. Presenting a prime, either a simple or compound radical, for 48 ms might be 
too short to allow activation to take place at the radical level, and therefore exerting little effect on 
recognizing the target character. Presenting a prime, either a simple or compound radical, for 80 ms would 
be long enough to activate the character level representations. This would lead to competition among the 
characters activated, thus intervening the process of lexical decision for the target character. 
Unexpectedly, in the unrelated condition, compound radical primes also lead to faster responses 
than simple radical primes. However, no significant difference of response time between trials with the 
two prime types was found at each of the three prime durations. In other words, there was no interaction 
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between prime type and prime duration, which was found in the related condition. It was suggested that a 
simple radical would have a greater degree of combinability with other radicals to form Chinese 
characters when compared with a compound radical. Accordingly, it seems reasonable that presenting a 
simple radical prime would activate a greater number of Chinese characters than a compound radical 
prime, resulting in greater degree of interference during lexical decision for the target character and thus 
slowing down the response time. 
The findings of the present study suggested that compound radicals are not represented in Chinese 
character recognition. Such a conclusion seemingly supported that of Taft and Zhu (1997) and Tam (2011). 
It should be noted that, however, the flaws in the experimental design of these two studies, as discussed 
previously, made the reliability of their conclusions questionable. In the study of Taft and Zhu, the authors 
based their conclusion on the finding that compound radical frequency did not affect response time in 
lexical decision. Yet, they failed to eliminate plausible alternatives in explaining the result. In Tam’s study, 
the failure to find evidence in supporting the hierarchical representations of compound radical could be 
accounted for by three possible reasons. Firstly, the two prime durations used (32 ms and 48 ms) might 
not differ adequately from each other to allow the priming effect to be detected by statistical analysis. In 
the present study, three prime durations (48 ms, 64 ms, and 80 ms) across a greater range of values were 
used. Secondly, in Tam’s study, only 14 target characters were used for the non-freestanding condition. 
Given the limited number of stimuli, the generalizability of the findings to other characters with 
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non-freestanding radicals was questionable. On the contrary, the present study utilized 18 target characters 
with non-freestanding radicals, which was approximately 29% more than that in Tam’s study. Therefore, it 
was believed that the lack of two-way interaction found in the present study had better generalization. 
Thirdly, a mixed design, with prime duration as the between-subject variable, was used in Tam’s study. It 
was suggested that the two-way interaction, which would suggest the presence of compound radical 
representations, might have been masked by the large variance originated from the between-group 
difference. In contrast, the use of within-subject design in the present study effectively eliminated 
variability between subjects. This would increase the statistical power of the findings as well as the 
internal validity of the study (Shaughnessy, Zechmeister, & Zechmeister, 2009). In addition, instead of 
using the same font type for targets and primes as in Tam’s study, different font types was used in the 
present study to reduce their degree of visual overlap, and thus provided support to the claim that the main 
effect of relatedness was mainly attributed by the orthographical processing of the primes. 
The major limitation of the present study is the practice effect where the same target character was 
repeated across the three prime durations (48 ms, 64 ms, and 80 ms). Participants might therefore be more 
familiar with a target character and hence respond faster. This would lead to shorter than normal response 
time for subsequent trials. To address this limitation, counterbalancing was used in the present study. It 
involved randomizing the three blocks to all six possible orderings and assigning an order to each 
participant. It also involved randomizing the trials within each block followed by pseudo-randomization 
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to ensure the same target character did not appear in consecutive trials. Another limitation would be the 
fatigue effect. When the experiment proceeded, participants became tired and might response slower. This 
negative effect was minimized by having breaks between sessions. 
The conclusion of the present study has significant implications for the conceptualization of 
Chinese character processing frameworks. Despite the fact that a non-freestanding compound radical 
might recur in different characters, the results of the present study suggested that it is not involved as an 
independent unit of analysis in Chinese character recognition. Based on this account, during the process 
of lexical decision for a character with non-freestanding compound radical, for example “琉”, the two 
simple radicals “ ” and “ ” will first be activated and pass on the activation to the character level 
directly, without activating any representations of compound radical. Furthermore, the findings would 
imply that for non-freestanding compound radicals functioning as phonetic radicals, phonological 
representations would only be activated at the character level, but not at the sub-lexical level. 
Lastly, the present study provided important insights for future research. It would be interesting to 
replicate this study with characters containing freestanding compound radicals. As demonstrated by 
Feldman and Siok (1999), Perfetti et al. (2005) and Tam (2011), characters with non-freestanding radicals 
and freestanding radicals are processed differently. Therefore, whether the results obtained in the present 
study using characters containing non-freestanding radicals could be successfully extended to characters 
containing freestanding radicals call for further investigation. 
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Conclusion 
To conclude, the present study did not find a progressive increase of facilitation in Chinese 
character recognition when the prime duration of a related simple radical increases. Therefore, the 
expected pattern of interaction between prime type and prime duration was not found. This suggested that 
there are no hierarchical representations for compound radicals during Chinese character processing. It is 
worth noting that the conclusion of the present study was believed to be more reliable than that of both 
Taft and Zhu (1997) and Tam (2011), given the weaknesses of their experimental design. In addition, 
significant differences of response time and accuracy between trials with simple radical primes and 
compound radical primes were observed only at prime duration 64 ms. It was suggested that 64 ms would 
be the optimal prime duration where the corresponding radical units would just be fully accessed, 
resulting in the greatest amount of activation and facilitating the recognition of character containing it. 
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Appendix: Primes and Targets used in the experiment 
 Related priming Unrelated priming Target character 
Trial simple radical compound radical simple radical compound radical 
 
1 
     
2 
     
3 
     
4 
     
5 
     
6 
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10 
     
11 
     
12 
     
13 
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